For the past six years in which overwintering mortality of honey bee colonies has been surveyed in the USA, estimates of colony loss have fluctuated around one-third of the national population. Here we report on the losses for the 2012-2013 seasons. We collected data from 6,482 US beekeepers (6,114 backyard, 233 sideline, and 135 commercial beekeepers) to document overwintering mortality rates of honey bee colonies for the USA. Responding beekeepers reported a total 30.6% (95% CI: 30.16-31.13%) loss of US colonies over the winter, with each beekeeper losing on average 44.8% (95% CI: 43.88-45.66%) of their colonies. Total winter losses varied across states (range: 11.0% to 54.7%). The self-reported level of acceptable winter loss was 14.6%, and 73.2% of the respondents had mortality rates greater than this level. The leading self-identified causes of overwintering mortality were different according to the operation type; backyard beekeepers generally self-identified "manageable" factors (e.g., starvation, weak colony in the fall), while commercial beekeepers generally identified nonmanageable factors (e.g., queen failure, pesticides) as the main cause of losses. For the first time in this series of surveys, we estimated mortality during the summer (total loss = 25.3% (95% CI: 24.80-25.74%), average loss = 12.5% (95% CI: 11.92-13.06%)). The entire 12-months period between April 2012 and April 2013 yielded a total loss of 45.2% (95% CI: 44.58-45.75%), and an average loss of 49.4% (95% CI: 48.46-50.43%). While we found that commercial beekeepers lost fewer colonies than backyard beekeepers in the winter (30.2% (95% CI:
Introduction
or summer loss (between 0 and 100%), and obvious typing errors (e.g., number of colonies either non-integer or exceedingly large >80,000) were excluded from our analyses.
As in previous studies, beekeepers were assigned to 3 levels of operational size groups according to the number of colonies managed on 1 October 2012: beekeepers managing 50 or fewer colonies are referred hereafter and in the analyses as "backyard beekeepers"; those managing between 51 and 500 colonies as "sideline beekeepers"; and those managing 501 or more as "commercial beekeepers".
Statistical analyses
Based on the numbers provided by the respondents, we calculated total and average colony losses, following the standard outlined by Multiple choice question, multiple selection allowed.
10.
What percentage of your hives did you send to or move into California almond orchards for pollination?
Percentage: The value must be between 0 and 100, inclusive.
11.
How many times, on average, did you move your colonies last year?
Numeric entry (positive integers)
12.
In what zip code is your operation based (optional)?
13.
Would you be willing to be contacted by our survey team in order to participate in other honey bee related surveys and review this survey? The total colony loss (for winter TWL, summer TSL, and annual TAL) corresponds to the accepted method for averaging proportions, but in our case it is highly influenced by the responses of commercial beekeepers who manage a disproportionate number of colonies in the US. It is, however, a more appropriate representation of the total loss experienced in an area.
The mean of the individual losses method used to calculate average colony loss (for winter AWL, summer ASL, and annual AAL) gives each beekeeper the same weight, independently of the size of its operation, providing more relevance when comparing sub-groups of beekeepers. Given the non-independence of colonies managed by the 5 same beekeeper, averaging out the pseudo-replication is an accepted method for dealing with this kind of spatial pseudo-replication (Crawley, 2007 (survey Question #7) was used to calculate the total number of colonies lost with that symptom after multiplication with the reported number of lost colonies. The ratios of beekeepers grouped by operation size who suffered losses with the symptom of "no dead bees in the hive or apiary" were compared using the Chi square test.
All analyses were performed using the statistical program R (version 3.0.1 (2013-05-16)). All statistical tests were two-sided and used a level of significance of α = 0.05. Responses for any group containing fewer than five respondents were not published to protect the privacy of the respondents.
Results

National losses Average and total losses
The survey recorded 6,876 responses, from which 200 duplicates and at the start of the period or an obvious typing error Table 1 ). Approximately 24% (99.1% of which were backyard bee- 11.91-13.06%) of their colonies over the summer 2012 (see Table 1 ).
More than 58% of the respondents reported no (zero) summer colony loss. Table 1 ).
Less than 16% of the respondents reported no (zero) annual colony loss.
Losses by operation type
The differences between total and average loss are explained by the difference in operation size from our respondents. Looking at the winter loss dataset (see Table 2 ), of the 6,482 participating beekeepers, 94.3% (n = 6,114) qualified as "backyard beekeepers", 3.6% (n = 233)
as "sideline beekeepers" and 2.1% (n = 135) as "commercial beekeepers". However, each of those operation types managed a total of 39,414 (6.2%), 35,937 (5.6%), and 560,620 (88.2%) colonies, respectively, on 1 October 2012. Therefore, more than 88% of the colonies represented in our study were managed by approximately 2% of the respondents. Types; all df = 2, all p-value < 0.001; see Fig.1 and Table 2 for loss estimates for each category). For all operation types, the winter period brought about a higher mortality than the preceding summer (Mann Whitney U test: U = 5765637, p-value < 0.001 for backyard beekeepers; U = 9128, p-value < 0.001 for sideline beekeepers and U = 5489.5, p-value < 0.05 for commercial beekeepers; see Table 2 for loss estimates). Where commercial beekeepers lost, on average, fewer colonies than backyard beekeepers over the winter (U = 487737, p-value < 0.001, see Table 3 ) (AWL 30.2% for commercial vs. 45.3%
for backyard beekeepers, see Table 2 ), this was reversed in the summer, where commercial beekeepers experienced higher average mortality rate than backyard beekeepers (U = 122055, p-value < 0.001, see Table 3 ) (ASL 21.6% for commercial vs. 12.1% for backyard beekeepers, see Table 2 ).
Looking only at commercial and sideline beekeepers, we did not detect a difference between average winter loss (AWL) of beekeepers who indicated they moved at least part of their colonies to California almond orchards for pollination in 2012 and those who did not (see Table 4 ), nor between those who indicated that they moved their colonies at least once during the last year ("migratory") and those who did not (see Table 4 ).
Reported cause of overwintering loss
Of the 4,680 beekeepers who experienced at least some loss and answered Question #7, 38.8% (n = 1,816) answered that at least some of their colonies died without visible dead bees in the hive or the apiary.
Those beekeepers experienced a significantly higher average winter loss than beekeepers who did not report this symptom, whether we looked at the overall population (U = 2806325, p-value < 0.01) or by specific operation types (U = 2472222, 5976, and 1369 respectively; all p-values < 0.05; see Table 5 ). Of the 230,153 colonies lost during US honey bee colony mortality 2012-13 7 sideline beekeepers (>50 and  500 colonies) and commercial beekeepers (>500 colonies). Survey respondents who selected poor wintering conditions, CCD, or pesticides as a main cause of winter colony loss suffered significantly higher losses on average than respondents who did not select these items (U = 1857328, 1241739, and 877497, respectively; all p-values < 0.05; see Table 6 ). Conversely, beekeepers who selected weak in the fall, starvation, queen failure, varroa mites, or nosema (Nosema US honey bee colony mortality 2012-13 9 apis or Nosema ceranae) as a factor contributing to their winter colony loss experienced significantly lower losses on average than respondents who did not select those factors (U = 2197083, 2078126, 1662428, 1867732, and 593141, respectively; all p-values < 0.05; see Table 6 ).
Acceptable overwintering losses
For the question "What percentage of loss, over this time period, would you consider acceptable?", responding beekeepers (n = 5,876) reported on average that they would consider a winter loss of 14.6% (95% CI:
14.21-15.09) to be acceptable. The answer provided was very similar 
State losses
The number of respondents to the survey was highly variable across states (see Table 7 , number of operations). The total and average seasonal losses calculated from beekeepers' reports also varied substantially across states. The total winter loss (TWL) experienced by a state ranged from 11.0% to 54.7% with a median of 27.0% (see Table 7 and Fig. 5 ), while total summer loss at the state level ranged from 4.0% to 59.8% with a median of 20.0% (see Table 7 and Fig. 3) . (see Table 7 and Fig. 7 ). See Table 7 for the average winter, summer US honey bee colony mortality 2012-13 11 and annual loss reported by individual respondents for each state (AWL (see Fig. 6 ), ASL (see Fig. 4 ) and AAL (see Fig. 8) ). 2006 -7, 2007 -8, 2008 -9, 2009 -10 and 2010 vanEngelsdorp et al., , 2008 vanEngelsdorp et al., , 2011a vanEngelsdorp et al., , 2012 2007 -8, 2008 -9, 2009 -10, 2010 -11 and 2011 vanEngelsdorp et al., , 2008 vanEngelsdorp et al., , 2011a vanEngelsdorp et al., , 2012 Spleen et al., 2013) and it is yet again the case with the estimates in the current study. However, this survey year's average winter loss was higher than in previous years at 44.8%. This means that during this winter 2012-2013, while the US region as a whole lost 30.6% of its colonies, each beekeeper lost on average 44.8% of his/her colonies. Moreover, during the winter of 2012-13, only 24% of respondents reported zero colony losses, while over the previous two winters, 45% and 33% of respondents, respectively, made this claim (Spleen et al., 2013; vanEngelsdorp et al., 2012) . This survey was not designed to identify causes of winter colony losses but instead to document trends in reported levels of loss and self-reported causes of death as identified by the beekeeper themselves.
Difference in results from past surveys may result from changes in the respondent pool, which are difficult to correct without a comprehensive census of US beekeepers.
Commercial beekeepers lost, on average, a significantly lower percentage of colonies than sideline beekeepers and backyard bee- keepers over the winter. They were also more likely to report the symptom "no dead bees in the hive or apiary" when experiencing winter loss, a symptom which is one of the defining characteristics of CCD (Cox-Foster et al., 2007; vanEngelsdorp et al., 2009 ).
This study's estimate of the proportion of colonies that died with the symptom "no dead bees in the hive or apiary" is more than double compared to past years (51.3% of the colonies lost this winter 2012 -2013 compared to 20.5% in 2012 and 26.3% in 2011 Spleen et al., 2013 and vanEngelsdorp et al., 2012) . This was also reflected in the frequency of selecting "CCD" as a main cause of colony loss over the winter: 10.83% of the respondents who suffered a certain amount of loss identified CCD as main cause of overwintering loss in this survey.
Only 8.6% (n = 247 on 2,887 respondents) and 5.9% (n = 199 on 3,389 respondents) did the same last year (Spleen et al., 2013; vanEngelsdorp et al., 2012) . Beekeepers who reported they lost at least part of their colonies to the symptom "no dead bees in the hive or apiary" experienced greater loss on average than those not reporting this condition. Similarly, beekeepers who selected "CCD" as a selfreported cause of overwintering colony loss also experienced greater losses compared to beekeepers who did not select this factor. Only commercial beekeepers listed "CCD" as one of their most frequently reported factors of overwintering colony loss. Typically, as was the case in previous years (vanEngelsdorp et al., 2011a) , we see that commercial beekeepers self-identified mostly non-manageable conditions (queen failure, pesticides or CCD) as leading causes of overwintering loss, while backyard beekeepers were more likely to report manageable conditions (starvation, colony weak in the fall).
Ideally we would compare our survey results with loss data from in field longitudinal studies. Unfortunately, few in field studies are available. A total loss of 56% was reported in a cohort of migratory honey bee colonies monitored for 10 months, which is higher than the estimate in this study (vanEngelsdorp et al., 2013b) . The same study also identified "queen event" as one of the major risk factor of shortterm colony mortality (vanEngelsdorp et al., 2013b) , which supports our participating beekeepers' judgment of identifying this factor as one of the leading cause of colony mortality. A field study in Ontario Canada identified fall varroa mite levels, small fall bee populations, and low food reserves as leading causes of colony mortality (Guzmán-Novoa et al., 2010) . Our ranking of the top-4 leading self-reported cause of death (colony weak in the fall, starvation, queen failure and varroa mites) appears well supported by those two in the field studies, however, more in field verification of losses and causes of losses should be done to test the accuracy of our survey results.
Overall, more than 70% of the beekeepers experienced over- and an average loss per beekeeper of 12.5 % (95% CI: 11.91-13.06%), the mortality over summer is far from negligible. Those results suggest that to capture a more complete picture of honey bee colony mortality and understand its drivers, survey studies documenting colony losses should report annual losses rather than winter losses only.
